Excessive use of athletic fields on non-sand based systems often results in poor turf and soil quality. In many animal producing areas in the USA, farms have excess manure. Compost has been shown to improve soil physical and chemical properties and the establishment of turfgrass. The objective of this study was to determine to what extent site conditions, such as soil texture and amount of use, affect compost's ability to improve soil properties. There were 4 field sites in New York that varied in soil texture and the amount of use. Composts (dairy and poultry) were applied at 2 rates (6 and 12 mm thick) once the first year and twice a year for years 2 and 3. Soil samples and infiltration rates were collected at the initiation and at the end of the study. All sites had higher organic matter with compost applications. Compost that contained more organic matter (poultry) resulted in significantly higher soil organic matter on two of four sites when applied at the higher rate. Surprisingly the soil organic matter content did not always reflect the amount of organic matter applied based on rate and organic matter content of the composts. On one site that had a lower soil pH initially, compost application slightly increased soil pH, while on all sites, applying compost raised soil phosphorus to an excessive level. On the site with the least traffic, compost application increased infiltration rates, whereas, on two other sites with more traffic compost had no effect on infiltration rates. It is apparent that site conditions can affect the soil responses to animal-based compost applications to athletic fields.
INTRODUCTION
Many non-sand based sports fields that receive extensive use often result in poor play conditions due to turf damage based on the lowering of soil health. Under such conditions, sports field managers can resort to rebuilding and/or re-establishing the grass surface by seeding, sodding or sprigging. Composts have been used successfully to amend soils prior to construction to: increase saturated hydraulic conductivity of compacted soils (Quinney and Hensley, 2004) , to improve water holding capacity and soil fertility of sand compared to peat and inorganic amendments (Murphy, 2006) , and improve turfgrass establishment (Landschoot et al., 1993) . On established turf settings, composts have been shown to double the cation exchange capacity (CEC) of a sand root zone (Pillar, 2002) , increase turfgrass growth, color and foliar N concentration of low cut fairway turf (Garling and Boehm, 2001) , increase overall turfgrass quality by 10% while having better fall and winter color and better spring green up (Johnson et al., 2006) , reduce the severity of leaf rust caused by Puccinia sp. (Loschinkohl and Boehm, 2001) 416 and Drechslera leaf spot (Chandran et al., 2005) , increased turfgrass quality (van der Wert and Bates, 1991) and suppressed Fusarium patch and Typhula blight of creeping bentgrass (Boulter et al., 2002) . On established athletic fields receiving two annual applications of spent mushroom substrate compost resulted in an increase in soil water retention, CEC while bulk density and surface hardness decreased (Brosnan et al., 2004) .
While most of the aforementioned studies were conducted on one soil and/or site, Weindorf et al. (2006) observed that soil physical responses to compost varied depending on site factors such as soil texture, soil mineralogy and climatic factors. Thus, the objective of this study was to determine to what extent site conditions, such as soil texture/mineralogy, climatic differences and amount of use, affect compost's ability to improve soil properties on established athletic fields.
MATERIALS AND METHODS
The study was conducted at four sites in New York that varied in soil properties, rainfall and the extent of athletic use (Tables 1 and 2 ). None of the sites were irrigated. Composts were applied five times over the two and a half years of the study starting on Tables 3 and 4 . Compost samples were analysed for all properties listed in Table 3 except total P by the Agricultural Analytical Services Laboratory at Pennsylvania State University in University Park, PA. Total P content of each compost was analysed by the Cornell Nutrient Analysis Laboratory in Ithaca, NY. Two rates of compost were applied that were volumetrically equivalent to 6 mm (0.06 m 3 per plot or 65 m 3 ha -1 ) and 12 mm (0.12 m 3 per plot or 130 m 3 ha -1 ) to 3 m by 3 m plots. There were three replications of each compost treatment (source and rate) and two control plots without compost, one with and one without fertilizer, arranged in a randomized complete block design resulting in 18 plots per site. The process of applying compost was as follows: all plots were first core cultivated twice with a hollow tine aerifier, the volume of compost was spread on each plot and raked into the turf and all plots were again core cultivated twice. Samples of wet compost were collected, air dried, weighed and analyzed for the properties found in Table 3 . Fertilizer (none containing phosphorus) was applied to all plots, as shown in Table 2 , except for the unfertilized control. In addition, due to site management the Minisink site did not have an unfertilized control.
Initial soil data was collected just prior to the first compost application in September 2003 and at the end of the study. Soil samples were collected for pH, organic matter content and nutrient analysis by taking ten 2 cm dia. by 3-8 cm deep cores per plot. Samples were analyzed at the Cornell University Nutrient Analysis Laboratory, Bradfield Hall, Ithaca, NY. Infiltration rate was determined just prior to the first compost application in September 2003 and again at the end of the study on 5 June 2006 in Rochester and Erie and 12 July 2006 in Pine Island and Minisink. A miniature rainfall simulator (Ogden et al., 1997) was used to determine the infiltration rate of each plot.
The analysis of variance procedure in the JMP (release 6) software package (SAS Institute Inc., Cary, NC) was used to determine the significance of main effect (treatment, site, and block) and interaction of site and treatment on the measured variables (Morgan extractable soil P, soil pH, soil bulk density, soil organic matter, and water infiltration rate). When significant differences existed (P < 0.05), means were separated using Tukey honestly significant differences (HSD) at alpha = 0.05.
RESULTS AND DISCUSSION
As expected, there were initially site to site differences in all soil parameters measured prior to any compost applications, but no significant differences existed among plots at each site prior to the first treatment application. Differences in infiltration existed among sites (Table 5) where the average infiltration rates prior to the study were 12.9 cm hr -1 for Pine Island, 11.0 cm hr -1 for Erie, 5.7 cm hr -1 for Rochester and 1.2 cm hr -1 for Minisink. The low infiltration rate observed at the Minisink site reflects the soil compaction due to the high use of the site. Differences in extractable soil P existed among sites (Table 7) . Average extractable soil P levels at each site prior to the initial treatment application were 15.7 mg kg -1 for Pine Island, 4.71 mg kg -1 for Erie, 6.7 mg kg -1 for Rochester and 36.1 mg kg -1 for Minisink. Soil organic matter content and pH also initially varied by site but not by plot (Tables 9 and 11 ) with Pine Island having 4.4 %, Erie 8.4 %, Rochester 5.3% and Minisink 8.8% organic matter (Table 1) , while pH ranged from a slightly acid pH of 6.1 and 6.3 (Pine Island and Minisink) to slightly above neutral 7.5 and 7.5 (Erie and Rochester).
Effect of Compost Applications on Water Infiltration Rates
At the end of the 3-year field study, infiltration rates were measured on each of the plots again. This time site differences were still apparent, but now treatment differences appeared including a very strong site by treatment interaction indicating that the compost had different impacts on infiltration rate depending on site factors (Table 5 ).
For the sites that received more traffic (Minisink and Pine Island) compost application did not increase infiltration rate. However, for the low traffic sites (Erie and Rochester), application of composted-manure significantly increased water infiltration rate (Table 6 ). This was especially true for the composted poultry manure plots at the high rate of application which had a 2.5 to four times higher infiltration rate than the unfertilized no compost control plots. On only three of ten sites in a Texas study (Weindorf et al., 2006) , compost (compost of grass clipping, leaves, wood chips and soil) applied at 25, 50 and 75 mm at establishment increased the water infiltration rate.
Effect of Compost Applications on Soil P Level
After the 3 years of compost applications, significant differences with respect to Morgan extractable soil P levels existed. Soil P levels were greatest for plots receiving composted poultry manure. Surprisingly, the high rate of compost application did not increase soil P compared to the low rate (Table 8 ). The high rate of poultry compost had soil P levels from 4 to 18 times higher than plots without compost. All plots receiving compost had soil P levels high enough to cause concern that elevated runoff or leaching losses of P may occur (Soldat, 2007) . Fertilized and unfertilized plots had statistically similar soil P levels across all sites where the fertilizer used did not contain P. Spent mushroom compost has been shown to slightly increase soil pH and phosphorus levels while not affecting turfgrass growth (Brosnan et al., 2004) .
Effect of Compost Applications on Soil Organic Matter
Compost treatments significantly affected the amount of soil organic matter based on site characteristics (Tables 9 and 10 ). Compost that contained more organic matter (poultry) resulted in significantly higher soil organic matter on two (Pine Island and Erie) of the four sites when applied at the higher rate. On three sites (Minisink and Rochester), applying dairy compost at the low rate did not increase soil organic matter over the two non-compost control plots. It is somewhat surprising that the soil organic matter content did not always reflect the amount of organic matter applied based on rate and organic matter content of the composts. This may reflect an artifact of sampling or compost application.
Effect of Compost Applications on Soil pH
There were no differences in soil pH prior to compost applications within each site, but differences existed among sites (Table 11 ). After the 3 years of applications, statistically significant treatment differences existed, but only at the Minisink site that had the lower initial soil pH (Table 12) , where the rate of compost application affected pH, the higher amount of compost raised pH slightly. On this site poultry compost raised pH slightly more than dairy compost. On the other three sites, with two sites having soil pH's similar to the compost pH, compost applications had no effect on soil pH (Table 12 ). The differences in soil pH observed were not large enough to be of important agronomic 418 significance.
CONCLUSIONS
Compost is typically used in establishment to improve soil properties to make the soil more conducive to plant growth but especially root growth. Composts can make improvements in overall soil physical properties including an increase in water infiltration rate. However, this study found that topdressing compost on high use athletic fields did not result in an increased infiltration rate, which suggests that turfgrass growth will not necessarily benefit from the compost application either (Petrovic et al., 2007) . Soil properties like organic matter content, pH and nutrients were consistently increased by compost applications. However, soil P levels were consistently increased to levels that could cause environmental concern when compost was applied at rates of 12 to 24 mm yr -1 . These findings suggest that on high traffic sites, compost should not necessarily be considered a solution to traffic induced soil problems. 
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